Abstract. The inflationary Universe resolves some of the most outstanding issues of standard cosmology including the horizon and flatness problems and the origin of density fluctuations in the Universe. Inflationary models also predict the existence of a relic gravity wave background. Both gravity waves and density fluctuations induce fluctuations in the cosmic microwave background (CMB), the discovery of large angle anisotropies in the CMB having the scale invariant spectrum predicted by inflationary models has fuelled the hope that the inflationary scenario may indeed provide the correct description of the very early Universe. Upcoming large scale galaxy surveys (SDSS & 2dF) and CMB missions (MAP, Planck Surveyor) will further probe the inflationary scenario by throwing light on the origin and evolution of large scale structure in the Universe.
Horizon and flatness problems in standard cosmology
The Universe is generally believed to be homogeneous and isotropic on scales greater than several hundred Mpc. This assumption is largely based upon the observed homogeneity in the large scale distribution of galaxies, radio galaxies and QSO's and the isotropy of the cosmic microwave background (CMB). A spatially homogeneous and isotropic Universe is described by the Friedmann-Robertson-Walker (FRW) metric
\1 -/~r 2 + r2d02 + r2 sin2 0dr t~ = 0, 4-1
where a(t) is the cosmic expansion factor.
For matter with energy density p = T~o and pressure P = -T~ the Einstein equations
The conservation equation Tkk = 0 (which can alSO be derived directly from the Einstein equations) gives
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For matter with equation of state P = wp, (2) , (3) give p : po(ao/a) 3(l+w), a = ao(t/to) 2/30+w) (4) so that: p oc a -3, a = ao(t/to) 2/3 for dust (w = 0).
In addition to 'normal' matter with P > 0 (w > 0) it is interesting to consider matter violating the 'strong energy condition' so that p + 3P < 0 (equivalently w <-1/3). From (3) we see that ~i > 0 i.e. such a Universe accelerates or inflates. A specific example of such an equation of state is a 'cosmological constant' P ---p. From (3) we immediately find p = constant i.e. the density of matter remains fixed to a constant value as the Universe expands. Substituting A --8rcGp in (2) and setting n = 0 for simplicity, we get a( t) = ao expHt, (5) where H = ilia = v/-A--/3 is the Hubble parameter. From (2) and (5) we see that the negative pressure of the cosmological constant accelerates the expansion of the Universe and leads to exponentially rapid expansion or 'inflation'.
Interest in the cosmological constant took an interesting turn with the discovery, in the late 1970s and early 1980s, that matter close to Planck scales, could have an effective equation of state P < -p/3. In the resulting 'inflationary scenario', the Universe rapidly accelerates before entering the radiation dominated era thereby resolving some of the most outstanding problems in standard FRW cosmology known as the 'horizon and flatness problems' which we discuss below.
The horizon problem
The FRW model has an important property -signals propogating at the speed of light can travel only a finite distance since the big bang resulting in a cosmological 'particle horizon' beyond which no causal interaction is possible. Let us examine this more closely by considering rays of light (null geodesics) propogating along the radial coordinate in the direction of the observer located at r = 0. Setting ds 2 = 0 and d0 : d~b = 0 in (1) we obtain (for ~; = 0) /]0 t df r h = C a(t') (6) the three sphere with coordinate radius r = rh is known as the particle horizon at time t. Substituting a(t) cx t 2/3, we get rh oct 1/3 for a matter (dust) dominated Universe. Thus as the Universe expands the particle horizon grows, enveloping new regions of the Universe which now become accessible to observations.
